The temporal scale of many studies of dingo ecology is limited by human and physical resources, often constrained by funding cycles. Consequently, research has been skewed towards short-term, snapshot investigations undertaken at a spatial scale that is unrelated to dingo home range size, space use and life history. In turn, the certainty of ecological conclusions is constrained. Here we discuss the difficulties and limitations of much of the dingo research previously undertaken, including our own, and discuss the benefits of long-term data sets for elucidating ecological processes involving dingoes. We provide explanatory examples where current technological advances provide opportunities for improved monitoring and certainty around conclusions.
Introduction

"Explicit consideration of timescales and dynamics is required for an understanding of fundamental issues in ecology." Alan
Hasting's (2010) suggestion that much is to be gained from long-term studies and their data sets is not new, but is worthy of repetition. Classical examples of the benefits of long-term datasets are the Dickman's Lab Simpson Desert studies (e.g. Greenville et al., 2018) and Krebs et al. (1986; 2018) Yukon studies. The limitations of short duration studies for determining ecological processes involving predators in Australia have been identified (Allen et al. 2013b; Fleming et al. 2012; Newsome et al. 2015) and recently contrasted with longer term studies (Allen et al. 2018) . In this paper, we expand on the reasons for monitoring dingo (Canis familiaris) populations and measurement practices and limitations, and examine the appropriate temporal and spatial scales to obtain data that are meaningful and useful for determining ethological patterns and ecological processes. This paper is about the sampling framework that is necessary to gather useful data to analyse those experiments and we give examples from our current research.
Monitoring dingoes: why should we bother?
Dingoes and other free-ranging dogs are the focus of extensive debate (e.g. Allen et al. 2017b; Letnic et al. 2012; Newsome et al. 2015; Ritchie et al. 2012; Wallach et al. 2010) about their management for control and conservation, and even about their taxonomy (i.e. Allen et al. 2017a; Jackson and Groves 2015; Jackson et al. 2017 vs. Crowther et al. 2014 Smith 2015) . Much discussion pivots on the possibility of trophic cascade models and mesopredator release/ suppression hypotheses functioning in Australian ecosystems (Johnson and Ritchie 2013; Newsome et al. 2017; Ritchie et al. 2012; Ritchie and Johnson 2009) and the evidence for (e.g. Brook et al. 2012; Johnson et al. 2014; Wallach et al. 2017a ) and against such possibilities (e.g. Allen 2015a; Allen et al. 2013b; Lane 2017a; b; Morgan et al. 2017; White 2013) .
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Theme Edition: The critical value of long-term field studies and datasets Dingoes are naturalised Australian canids (Ritchie et al. 2014) (Allen et al. 2017a; Fleming et al. 2014; 2017) . Although significant in-roads have been made in balancing both aspirations, effective wildlife management for any goal relies on useful data (Fryxell et al. 2014; Hone 2007; Walters and Holling 1990) . To inform management decisions about dingoes or other taxa, robust ecological data are best achieved over time and spatial scales relevant to the species of interest.
Refer to the dingo's tail in Figures 1 and 2 as a simple illustration, by analogy, of the importance of scale in designing temporally and spatially explicit sampling regimes, and for proposing, testing and interpreting ecological hypotheses. The image in Figure 1 (a) , which is a sample from a photograph of a dingo's tail, is largely unintelligible because the scale yields too little relevant data. This is analogous to a study of dingoes that is undertaken at a spatial scale that is too small, or over a timeframe that is too short, to yield useful data. There is a threshold of information (in this case, Figure 1 d) where the image begins to be decipherable in the context of existing knowledge. However, it is only beyond this threshold, when more useful information is presented (i.e. in Figure  1 (f), and see Figure 1 .2 in Burnham and Anderson 2002) that the full picture is universally intelligible. Even then, the snapshot is insufficient to monitor change or describe processes (the dingo's tale, Figure 2 ): the temporal aspects of monitoring really do matter in understanding the ecology of animals (Hastings 2010; 2016) . Figure 1 . The importance of scale demonstrated by the analogy of a dingo's tail. If the study is too small in space or too short in duration (a, b and c), it cannot reveal the necessary detail to understand what is sampled, let alone answer ecological questions. While (d) is clearer, particularly when viewed beside (e) and (f), it is only when the scale and sampling effort are sufficiently detailed (e) that the tail is fully revealed. To understand which animal the tail belongs to requires even more detailed study (f).
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Our primary research aim is to collect useful data about dingoes and their co-existing predators and prey so that their roles in ecosystems can be experimentally determined. Many of the questions being asked of dingo data require long-term data sets to be useful, but few have been forthcoming (exceptions Arthur et al. 2012; Claridge et al. 2010 ).
Dingo population size mensuration: reliance on indices
Also of importance is the quality of the data collected, which relies on the mensuration methods applied.
"Only a small number of problems… demand estimates of a population's size or its absolute density" (Caughley 1980, pp 12).
Accepting Caughley's suggestion, most dingo research has relied upon indices for measuring changes in abundance or "activity" (e.g. Allen et al. 2013a; Allen et al. 1996; Arthur et al. 2012; Colman et al. 2014; Gordon et al. 2016; Letnic and Koch 2010) with little published research attempting to estimate population size or density (e.g. Corbett 1995; Fleming 1996; . This has been conditionally acceptable for some of the questions that people have asked, but is not so for the population scale questions about dingo behaviour and about ecological processes involving dingoes.
Regardless of the questions being posed, the caveat for using indices is that there is a relationship between the chosen index and reality (Caughley 1980; Anderson 2001; 2003) . The relationship is preferably measured, or otherwise predicted on the basis of theory, and is best when it is linear or can be transformed to linear (Caughley 1980; Hayward et al. 2015 A tale of four dingoes. Sufficient scale and context tells us so much more about behaviour and ecological processes than is possible from very small snapshots of a dingo's tail, as in the black square, which is from Figure 1 (a) . This is still a snapshot, so can only stimulate ethological hypotheses and explain nothing (photo: Jessica Todd).
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Theme Edition: The critical value of long-term field studies and datasets Figure 3 ). Most whelping occurs in the cooler months around July (Corbett 2001; Thomson 1992b ). Generation time is about three years. Contrast this time frame with the activities of the people studying dingoes and the duration of snapshot indices (Figure 3 ). Most surveys take less than the oestrus period of dingoes. The usual funding period for research is three years, the average PhD in the Sciences takes 3.9 years (Bourke et al. 2004) , and our dingo researching careers have been 15, 35, and 17 years respectively, but our "long-term" monitoring (so far) is still only half a dingo's lifetime.
Spatial scale matters: home ranges and movement behaviours
Both population estimates and indices should be taken with reference to the size of the study area (e.g. Arthur et al. 2012; Thomson 1992a ) and the target species. (Fleming et al. 2014; Letnic et al. 2015) and waste food (McNeill et al. 2016; Newsome et al. 2014a; Newsome et al. 2014b) . Home range sizes in mesic environments, such as eastern New South Wales, have previously been estimated at about 100 km 2 (Claridge et al. 2009; Harden 1985) . Surveys must be done across more than one home range (i.e. ≥11.5 km, which is the approximate diameter of a circular home range) to monitor changes in population size or to establish estimates of density and hence ecological processes and
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Theme Edition: The critical value of long-term field studies and datasets management impacts. In xeric environments, the surveys need to be bigger to accommodate larger home range sizes and more extensive movements (Newsome et al. 2013; Thomson 1992c ). This poses significant challenges when designing experiments with adequate replication and controls, and subsequently low power often limits inference and certainty of conclusions (e.g. Campbell et al. 2018; Wallach et al. 2017b) . ) Dingo movements are also important for setting both the spatial scale and the temporal scale of monitoring. Although the home range size helps set the spatial scale, the placement of transects will impact upon the indices achieved: GPS-logs of their movements reveal that dingoes do not move consistently around their home range. For example, the dingo in Figure 4 , "Qantas", was monitored for about 200 days after capture near Coffs Harbour airport (-30.32333º S: 153.11560º E). Qantas had very different movements during the first 4 nights of monitoring and, later on, each of two randomly selected groups of 3 nights (Figure  4 b, c, d ). Because dingo space use is not homogeneous or temporally constant, placement of monitoring devices becomes critical to interpreting population change.
An alternative strategy: continuous monitoring with camera traps
The benefits of long-term, more intense datasets are that they are clearer, more versatile and much more useful than simple snap-shot indices. From long-term camera trap and GPS-telemetry studies, individual animals can be identified and estimates of population size and survival rates subsequently determined with mark-and-recapture and mark-and-resight estimators (White and Burnham 1999) . With additional locational information, such as that collected from extensive GPS collaring programs, spatially-explicit occupancy modelling (MacKenzie et al. 2017) can be used for population estimation from camera trap data (e.g. Forsyth et al. 2018) . Continuous monitoring can also provide data on behavioural interactions between individuals, breeding periods, survival of young and intergroup dynamics over repeated seasons.
At one of our study sites continuous monitoring allowed us to find evidence of the shortcomings of short-term indices of dingo activity and abundance. Twenty six camera traps were spaced at 1 km intervals from a random starting point over 25 km of trail-centred transect in Oxley Wild Rivers National Park, New South Wales (-30.9115ºS, 152.1253ºE) and monitored continuously over four years (Ballard, UNE/ VPRU Wild Dog Lab., unpublished data). At the start of August 2013, in the area covered by the camera trap monitoring array, we identified 14 individual free-ranging dogs either from captured, photographed and GPS-collared individuals (n=9) or independently identified from camera trap images by two or more experienced observers. All of these animals were individually recognisable, regardless of the presence of tags and collars. We then interrogated all dog images collected during August 2013 to July 2014. The daily average number of individual dogs detected by the array was 2.7 (range 0-8 dogs), but it took 300 days to detect all the dogs known to be present. Although there was no detected change in the free-ranging dog population surveyed by the array (i.e. no incursions of new dogs or excursions by known resident dogs during the survey period), there was an equal chance of any cluster of three 
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Theme Edition: The critical value of long-term field studies and datasets days having the same number, an increase or a decrease on the subsequent or previous group of three days. In other words, comparisons of three-day indices were meaningless for detecting population change (Ballard et al. 2014) .
Concluding remarks
One of us (PJSF) has been working in a New England field site, where Bob Harden's team studied dingoes in the 1960s, 70s and 80s (e.g. Harden 1985), on and off since 1977. Our research group continues to conduct research there and at replicate sites across north east New South Wales with continuous monitoring and new technologies that Harden's group could only have dreamed of. We therefore have the longevity, capacity and experience to analyse the ecology of these sites over a much longer and more informative period than is possible in a PhD or average research grant cycle. We acknowledge that longterm and spatially broader research is more costly, but the temporal and spatial scales of the question should set the scale (i.e. the design) of the study. Spending less than the quantum of investment required to answer a particular ecological question only ensures that the question remains unanswered. Although cheap studies can be fruitful for smaller questions, insufficient investment is money wasted against the bigger goal of elucidating ecological processes and truly understanding management impacts.
The longer-term collection of data is analogous to continuing radio-tracking, live-trapping or dietary studies until an asymptote of detections is reached. As discussed, traditionally researchers, including us, have tried to capture the complexity of dingo behavioural ecology using indices collected over 3-4 nights. Short-term studies can have value in answering some questions and in hypothesis proposal, but only in the context of long-term studies and noting that authors have a responsibility to clearly identify the spatio-temporal limitations of their conclusions.
We have now shifted the scale of monitoring in both space and time to coincide with the lifecycle and home ranges of dingoes, remembering that individual dingoes can live for ≥10 years and usually occupy home ranges of ≥100 km 2 . We continue to review our knowledge and, the more our understanding grows, the longer we continuously monitor our study populations. Australians can't possibly manage dingoes, either positively or negatively, if we don't improve our monitoring regimes and encompass dingo-relevant temporal and spatial scales. Through new technologies, analyses and appropriate experimental and monitoring designs, we now have the capacity to conduct research at temporal and spatial scales commensurate with understanding of ecological processes and species ethology. 
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